IMPORTANCE Prophylactic bilateral salpingo-oophorectomy is recommended for BRCA1 mutation carriers to prevent ovarian cancer. Whether or not hormone replacement therapy (HRT) initiated after oophorectomy is associated with an increased risk of breast cancer has not been evaluated in a prospective study.
H ormone replacement therapy (HRT) has been prescribed for women to ameliorate the symptoms of menopause, in particular for the reduction of vasomotor symptoms, and to mitigate other aging-related conditions, including osteoporosis, cardiovascular disease, and cognitive decline. 1 In 2002, the Women's Health Initiative (WHI), a randomized clinical trial of combined estrogen plus progesterone-containing HRT vs placebo, was terminated early owing to findings of an increase in breast cancer incidence (and cardiovascular disease) among postmenopausal women using the combined regimen. 2 The estrogen-alone arm of the WHI trial was terminated in 2004 owing to a reported increase in stroke with estrogen-alone therapy (but a reduction in breast cancer risk). 3 The relative risk of invasive breast cancer was 1.24 (95% CI, 1.01-1.53; P = .04) for estrogen plus progesterone, but was 0.79 (95% CI, 0.61-1.02; P = .07) for estrogen alone. 4 As a result, there has been a marked decline in HRT use globally. 5, 6 Women with an inherited BRCA1 mutation are at risk of developing breast and ovarian cancer. 7 In North America, most of these women will undergo prophylactic bilateral-salpingo oophorectomy to prevent ovarian cancer 8 ; many will experience early surgical menopause and possibly long-term health consequences associated with abrupt ovarian hormonal withdrawal. 9 Exogenous hormone use may be prescribed to mitigate adverse effects associated with oophorectomy. Although HRT after surgical menopause is prescribed to BRCA1 mutation carriers without a personal history of breast cancer, the impact on breast cancer risk remains unclear. [10] [11] [12] In a casecontrol study of 432 matched pairs, we reported no increase in BRCA1-breast cancer risk with HRT use. 12 To our knowledge, there has not been a prospective evaluation of HRT use and breast cancer among women with a BRCA1 mutation. In the current report, we conduct a detailed prospective analysis of HRT use and breast cancer risk following oophorectomy.
Methods

Overview of Study Design
In this prospective analysis, we only included women with a BRCA1 mutation and considered HRT use following oophorectomy. Women with a prior diagnosis of breast cancer or those who underwent oophorectomy prior to study enrollment were excluded from the analysis. Given that we did not have detailed information on fallopian tube removal, oophorectomy in this analysis refers to preventive removal of both ovaries.
Study Population
Eligible study participants included women enrolled in a multicenter, longitudinal study of BRCA1 and BRCA2 mutation carriers from 80 participating centers in 17 countries. All abnormal nucleotide sequences were confirmed by direct sequencing of DNA. Only women with a deleterious BRCA1 mutation were eligible for the current study. The study was approved by the institutional ethics review boards of the respective host institutions and all study participants provided written informed consent. They were not compensated.
Exposure Data
Each participant completed a baseline questionnaire at the time of a clinic appointment or at their home. Follow-up questionnaires were completed every 2 years thereafter. These were either mailed to the participant to complete and return, or were administered over the phone by a genetic counsellor or research assistant. The baseline and follow-up questionnaires requested detailed information on history of cancer and reproductive and medical histories. Detailed information regarding HRT use was collected in the baseline and follow-up questionnaires. Specifically, women were asked if they had ever taken HRT (ie, estrogen, progesterone) for menopausal symptoms. Women who had used HRT were asked to provide: the brand name of the HRT, starting year, ending year, length of time used (years), and the method of administration (eg, pills, skin patches, vaginal suppositories). They were also asked if they were still taking HRT (yes/no) and the name and dose of the hormone. Similar information was queried in the follow-up questionnaires, which also included a question on dose (mg per day). We classified women according to HRT use (ever/ never), duration of HRT use (years), and type of HRT (estrogen alone, estrogen plus progesterone, progesterone alone, other). Women who did not indicate the formulation were coded as other HRT users. Use of HRT was updated at each follow-up questionnaire cycle, and analyzed as a time-varying exposure. Only HRT use following oophorectomy was considered in the final analysis. For cumulative duration, we created 2 (independent) variables for total years of estrogen exposure and for total years of progesterone exposure by summing the total years of use reported in the entire follow-up period following oophorectomy. Women were asked if their periods had stopped (yes/no) and (for those women who answered yes) the age at which their periods stopped completely and the reason (ie, natural menopause, hysterectomy, uterus and ovaries removed, oophorectomy, medication/chemotherapy, other).
Identification of Breast Cancer Cases
The primary end point was invasive breast cancer. On each follow-up questionnaire, we asked whether a breast cancer had been diagnosed, and if so, the date of diagnosis. We obtained written consent from all the women reporting a diagnosis (or their next of kin) to review pathology records.
Exclusions
For the current study, 13 087 BRCA1 mutation carriers were identified. Participants were not eligible for inclusion if they had a previous diagnosis of any cancer (n = 8216), did not have an oophorectomy during the follow-up period (n = 1818), did not complete at least 1 follow-up questionnaire (n = 1216), had an oophorectomy prior to completion of the baseline questionnaire (n = 394), were missing information on prophylactic mastectomy (n = 148), or had a bilateral mastectomy at baseline or prior to an oophorectomy (n = 356) (eFigure in the Supplement). Among the 939 eligible women, women were excluded if they were missing information on HRT use (n = 51) or on other relevant information (ie, date of death, date of birth) (n = 16). After these exclusions, a total of 872 participants with a BRCA1 mutation were available for the analysis.
Statistical Analysis
Participants were followed from the date of oophorectomy until either the date of a breast cancer diagnosis, date of prophylactic mastectomy, date of death, or date of completion of their last follow-up questionnaire. Cumulative breast cancer incidence by HRT use was estimated using Kaplan-Meier survival analysis. We performed a left-truncated survival analysis to account for the time elapsed between the date of baseline questionnaire and date of oophorectomy. We used Cox proportional hazards regression to estimate the hazard ratio (HR) and 95% CIs (CI) of breast cancer associated with each HRT exposure using days of follow-up as the time variable. The multivariable model adjusted for age at baseline (≤39, 40-49, ≥50 years), parity (0, 1, 2, 3, ≥4), period started age (≤12, 13, ≥14 years), first-degree relative with breast cancer (yes/no), oral contraceptive use (ever/never), country of residence (Poland, Canada, United States, other), and HRT used at baseline (ever/never). Participants who carried both a BRCA1 and BRCA2 mutation were categorized as BRCA1 mutation carriers (n = 9). We modeled duration of use continuously for either estrogen-containing or progesterone-containing HRT to estimate the HRs and 95% CIs associated with each year of use.
All analyses were conducted using the SAS statistical software package (version 9.4, SAS Institute). All P values were 2-sided and were considered statistically significant if P ≤ .05.
Results
A total of 872 BRCA1 mutation carriers were included in the study. All of these women had a preventive bilateral oophorectomy in the follow-up period. None of the women had developed breast cancer prior to oophorectomy. eTable 1 in the Supplement is a summary of the baseline characteristics of 377 (43%) women who used HRT after oophorectomy and 495 (57%) women who did not use HRT after oophorectomy. Women who used HRT were on average younger at the time of completion of the baseline questionnaire (40.3 vs 45.8 years; absolute difference, 5.5 years; P < .001) and younger at the time of prophylactic oophorectomy (43.0 vs 48.4 years; absolute difference, 5.5 years; P < .001) compared with women who never used HRT. Participants who were HRT users were more likely to have a medical history of oral contraceptive use (65% vs 56%; P = .007), have a lower mean parity (1.8 vs 2.1; absolute difference, 0.3 months; P = .001), and were less likely to have a family history of breast cancer (46% vs 59%; absolute difference, 13%; P < .001) than nonusers.
There were 92 incident invasive breast cancers diagnosed in the follow-up period. The annual breast cancer risk was 1.4%. Among the 92 women who developed breast cancer, a mean of 4.5 (range, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] years elapsed between the date of oophorectomy and the date of breast cancer. The proportion of women diagnosed with breast cancer in the follow-up period was similar for women who used HRT and for women who never used HRT after oophorectomy (10.3% vs 10.7%; absolute difference, 0.4%; P = .86).
Among the 377 women who used HRT after oophorectomy, the mean duration of HRT use was 3.9 (range, 0.5-19) years. Among the HRT users, 259 (69%) used estrogen alone, 66 (18%) used estrogen plus progesterone, 40 (11%) used progesterone alone, and 80 (21%) used another formulation (eTable 2 in the Supplement). There was no significant difference in the 10-year actuarial risk of breast cancer comparing women who used any HRT regimen and women who did not use HRT (log rank P =.72) (Figure, A) . In contrast, the 10-year actuarial risk of breast cancer was significantly lower for women who used estrogen alone compared with women who used estrogen plus progesterone (12% vs 22%; absolute difference, 10%; log rank P = .04) (Figure, B) . This effect was stronger for women who had an oophorectomy prior to age 45 years (9% vs 24%; log rank P = .009) (Figure, C) . Table 1 summarizes the univariate and multivariable HRs and 95% CIs for breast cancer associated with HRT use after oophorectomy. Among all women, there was no significant relationship between ever use of any HRT and the risk of breast cancer compared with women who never used HRT after oophorectomy (multivariable HR, 0.97; 95% CI, 0.62-1.52). The multivariable HRs and 95% CIs for use of estrogen alone was 0.73 (95% CI, 0.41-1.32), 1.31 (95% CI, 0.66-2.57) for estrogen plus progesterone, and 1.29 (95% CI, 0.63-2.67) for other. We also stratified our analysis by age at oophorectomy (Table 1) . Among women who underwent oophorectomy prior to age 45, the HR for use of estrogen-alone HRT was 0.47 (95% CI, 0.20-1.15) and for estrogen plus progesterone HRT was 1.64 (95% CI, 0.68-3.98). The corresponding risk estimates for women who underwent oophorectomy at or after age 45 were 1.18 (95% CI, 0.53-2.64) for estrogen-alone HRT and 0.96 (95% CI, 0.28-3.33) for estrogen plus progesterone HRT.
The associations between duration of HRT use after oophorectomy and breast cancer risk is summarized in Table 2 . For each year of estrogen-containing HRT use, there was a significant 8% reduction in breast cancer risk (HR, 0.92; 95% CI, 0.83-1.01; P = .07). In contrast, the HR for each year of progesterone-containing HRT use was 1.08 (95% CI, 0.92-1.27) but this was not statistically significant (P = .34). For women who underwent an oophorectomy prior to age 45, each year of estrogen-containing HRT use was associated with a significant 18% reduction in breast cancer risk (95% CI, 0.69-0.97), whereas each year of progesteronecontaining HRT was associated with a nonsignificant 14% increase in risk (95% CI, 0.90-1.46). There was no association between HRT use and breast cancer among women who underwent oophorectomyafterage45(eTable3intheSupplement).
Discussion
In this prospective analysis of 872 BRCA1 mutation carriers, we observed that use of any HRT following oophorectomy was 1.27 ). The actuarial 10-year risks were 12% for estrogen-only HRT and 22% for estrogen plus progesterone for all participants combined and were 9% vs 24% for participants who had an oophorectomy prior to age 45. These associations were stronger for women who underwent oophorectomy prior to age 45 years (Figure, C) . The current study represents the first prospective evaluation of HRT use and breast cancer risk among women with a BRCA1 mutation. Previously in a matched case-control study (a subset of which were also included in the current study), we reported no significant relationship between HRT use and breast cancer risk among BRCA1 mutation carriers (odds ratio [OR] for ever vs never use, 0.80; 95% CI, 0.55-1.16; P = .24).
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Our findings are consistent with large prospective studies of noncarriers, as well as randomized clinical trials.
2,13-16 The authors of the WHI reported an increased risk of developing breast cancer among postmenopausal women in the estrogen plus progesterone arm of the trial (HR, 1.24; 95% CI, 1.01-1.53), and a reduction in risk among women in the estrogen-only group (HR, 0.79; 95% CI, 0.61-1.02), 4 similar to the effects we observed in the current study. Combined formulations are typically prescribed for women with an intact uterus whereas estrogen alone is indicated for those who have had a hysterectomy. The relationship between HRT use and breast cancer risk among women in the general population is complex. 1, 4, 16 Greater risks have been reported with current use, increasing duration of use, time since menopause, and for estrogen receptor (ER)-positive disease. 13, 15, [17] [18] [19] [20] Recent publications have reported a reduction in mortality, improved quality of life, and small absolute risks with respect to breast cancer or other adverse events among HRT users. 16, 21 Importantly, a timing or window hypothesis supports that the benefits of HRT for young women at menopause outweigh any small risks associated with HRT. 1 Nevertheless, rates of HRT use in the general population remain low. Among BRCA1 and BRCA2 mutation carriers without a personal medical history of breast cancer, we have previously shown that HRT use after prophylactic oophorectomy will reduce vasomotor symptoms, improve quality of life, and reduce all-cause mortality. 22, 23 We have also reported an increased risk of endometrial cancer associated with use of progesterone-containing HRT among BRCA1 mutation carriers. 24 The potential adverse effect of progesterone-containing HRT on breast cancer are in line with the emerging role of the progesterone/receptor activator of nuclear factor κB (RANK)-signaling pathway in BRCA1 breast cancer development. 25, 26 Collectively, our findings suggest that use of estrogen-alone HRT following surgical menopause will not impact BRCA1 breast cancer risk whereas women undergoing preventive oophorectomy (particularly women undergoing oophorectomy prior to age 45) should consider removal of the uterus to avoid the use of progesterone-containing HRT, although total abdominal hysterectomy with oophorectomy is associated with an increased risk of surgical complications and can impact A, Breast cancer incidence among BRCA1 mutation carriers who used any HRT compared with women who did not use HR. B, Breast cancer incidence among BRCA1 mutation carriers who used estrogen-alone HRT compared with women who used combined estrogen plus progesterone HRT. C, Breast cancer incidence among BRCA1 mutation carriers who used estrogen-alone HRT compared with women who used combined estrogen plus progesterone HRT, among women who underwent oophorectomy prior to age 45 years.
Abbreviations: E, estrogen; HRT, hormone replacement therapy; PE, progesterone plus estrogen.
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Hormone Replacement Therapy After Oophorectomy and Breast Cancer Risk Among BRCA1 Mutation Carriers quality of life. 27 We had insufficient power to analyze the risk of breast cancer with HRT use among BRCA2 mutation carriers. Nonetheless, given that women with a BRCA2 mutation have a propensity to developing hormone receptor-positive disease, it is plausible that the risk profile with HRT use will be similar to what we observed for BRCA1 mutation carriers especially given studies conducted among women in the general population have shown more pronounced for ER-and PR-positive cancers than for hormone receptor-negative cancers. 19, 20 In this cohort of women at high-risk for disease, 572 (66%) were aged 50 years or younger at the time of oophorectomy. Among this group of predominantly premenopausal women, 292 (51%) initiated HRT after oophorectomy whereas among women who were postmenopausal (or close to age at natural menopause) at the time of surgery, only 85 (29%) initiated HRT use. In Norway, Johansen et al, 28 reported that only 52% of women who underwent risk-reducing salpingo-oophorectomy prior to natural menopause initiated HRT use. Manson and Kaunitz are of the opinion that since the publication of the WHI trials, there has been a lack of training in menopause treatment among primary care and gynecology residents and that women are unnecessarily being denied the use of HRT to treat menopausal symptoms. 21 The WHI studies were conducted among women mostly in their 60s (with no women younger than 50 years), and thus, these findings cannot be directly extrapolated to BRCA1 mutation carriers. A few groups have published studies on the impact of early surgical menopause on various aspects of health among women in the general population. Parker et al, 29 showed that bilateral oophorectomy (vs ovarian conservation) was associated with a significant increased risk of cardiovascular disease and of all-cause mortality in 30 000 women enrolled in the Nurses' Health Study who underwent hysterectomy for benign disease. This group later showed that the effect of oophorectomy on mortality was stronger among women who had surgery prior to age 50 and did not use HRT. 30 Studies by Rocca et al, [31] [32] [33] [34] [35] have demonstrated that oophorectomy preceding the onset of natural menopause is associated with long-term consequences including an increased risk of cognitive impairment, cardiovascular disease, and a host of chronic conditions. Importantly, there is evidence to suggest that these symptoms may be mitigated by HRT.
30,36
Limitations
This study had several limitations including the use of selfadministered questionnaires to collect information on lifetime HRT use and breast cancer diagnoses. Despite this, prior studies have previously shown good agreement between selfreported HRT use and physician records. 37 Self-report of breast cancer has been shown to be accurate. 38 There is evidence to suggest that route, regimen or dose of HRT may differentially impact breast cancer risk; however, we did not take this into account in the current analysis. Also, the impact of intrauterine devices as HRT was not evaluated. Our main comparison of ever vs never HRT use was not significant (HR, 0.97; 95% CI, 0.62-1.52). With 377 ever exposed and 495 never unexposed women,wehadapowerof81%todetectanHRof1.7orgreaterata P value of .05, and thus, we cannot rule out a small effect. Finally, our analysis was limited to women who underwent preventive oophorectomy and we did not evaluate the relationship between HRT and breast cancer risk in women with intact ovaries. Notwithstanding these limitations, strengths of the current study included the large number of ascertained BRCA1 mutation carriers, the relatively long follow-up period, and the detailed information on exposures and covariates.
Conclusions
Women with an inherited mutation in BRCA1 face a high lifetime risk of developing ovarian cancer, estimated at 44%.
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Bilateral salpingo-oophorectomy remains the most effective prevention option to reduce the risk of ovarian cancer and has also been shown to reduce all-cause mortality. 22, 39 It is estimated that 65% of BRCA1 mutation carriers will undergo oophorectomy prior to natural menopause. Our findings indicate the BRCA1 mutation carriers should not avoid risk-reducing surgery because of the fear associated with estrogen-alone HRT use. The potential harmful effect of progesterone-containing HRT is of interest, especially given the evidence implicating the progesterone/ RANK pathway in the etiology of BRCA1 breast cancer. 25, 26 However, future studies are necessary to confirm our findings. It is of interest to evaluate impact of oophorectomy on other outcomes (including bone, heart, and brain health) and whether HRT may mitigate any adverse events. 
